ABSTRACT⎯A highly linear and efficient GaN HEMT
I. Introduction
Current higher data rate modulation and multi-carrier application systems require high-linearity and high-efficiency power amplifiers which depend on power transistors with high compression points, excellent thermal stability, and increasingly high frequency response. The gallium nitride (GaN) high mobility electron transistor (HEMT) is a promising candidate for high power RF applications because GaN HEMT transistors exhibit very high power densities, high electron saturation velocity, high operating temperature, and high cutoff frequency compared to other technologies [1] , [2] .
In this letter, we report a highly linear and efficient GaN HEMT Doherty power amplifier (DPA). To improve linearity without extra linearization techniques, derivative superposition linearization (DSL) is employed with adaptive gate bias control of the peaking amplifier (V gs.p ), using the power tracking circuit II. Linearity Improvement of GaN HEMT DPA 1. Derivative Superposition DSL has emerged as a useful circuit-level linearization technique, being conceptually simple, requiring no significant increase in circuit complexity or precise circuit tuning, and achieving good performance. As DSL is constructed by placing two or more devices in parallel, which may have different gate biases, this technique can be easily applied to the Doherty configuration [3] . Figure 1 shows the schematic diagram of a GaN HEMT DPA, which consists of a carrier amplifier and a peaking amplifier. Two amplifiers are simply modeled by voltagecontrolled nonlinear current sources, where each current source 
where G m is the transfer function derivative. The carrier and peaking amplifiers are at different bias conditions, so the coefficients in the Taylor-series polynomials will be different for each amplifier. Here, we apply a two-tone input signal to the carrier and peaking amplifiers of the DPA:
where V s is magnitude of the input signal. The upper-band third-order intermodulation (IM3) components of the carrier and peaking amplifiers at the output of the DPA can be respectively expressed as
where c φ and p φ are phases of the carrier and peaking amplifier, respectively, which depend on the gate bias voltage. Thus, (3) and (4) can be used for the IM3 cancellation using the derivative superposition because the significant cancellation of the IM3 components can be obtained when two amplifiers are biased on opposite sides of the IM3 null.
Adaptive Gate Bias Supply Using Power Tracking
The adaptive bias supply circuit is constructed by using the power tracking circuit, which does not track the actual envelope of the signal, but changes the supply voltage based on the average power level. Thus, the power supply circuit does not need to be fast-switching or wide bandwidth. Moreover, there are no delay mismatch limitations because a delay line is unnecessary [5] . Figure 2 shows the schematic of the proposed power tracking Figure 3 shows the V det and optimum gate bias voltage traces according to output power levels. When the gate bias of the carrier amplifier (V gs,c ) is fixed to -1.43 V, the V gs,p is set to constant in the low power region by the limiting circuit, but decreases according to output power levels.
III. Implementation and Experimental Results
The DPA was implemented using Nitronex NPTB00025 GaN HEMTs and an RF35 (H=0.5 mm, ε r =3.5) circuit board at 2.14 GHz. In the process of determining the optimum length of the offset line, the output impedance of 15.7+j×20 Ω was Figure 4 is a photograph of the fabricated GaN HEMT DPA. Figure 5 shows the measured power spectrum densities of a GaN HEMT DPA for a one-carrier WCDMA signal at a P out of 37 dBm. After optimization with a V gs,p of -7.63 V, an ACLR of -43.2 dBc was achieved at ±2.5-MHz offset, which is an improvement of 13 dB over a GaN HEMT DPA before optimization. Figure 6 shows the measured ACLR characteristics according to output power levels. When the V gs,p was adaptively controlled by the power tracking circuit with the gate bias traces, as shown in Fig. 3 , a good ACLR performance was achieved over a wide output power range. Figure 7 shows that the GaN HEMT DPA can deliver an ACLR of -43.2 dBc with a PAE of 40.1%.
IV. Conclusion
We proposed a highly linear and efficient GaN HEMT DPA for WCDMA repeaters. To improve the linearity of a GaN HEMT DPA with high efficiency, DSL is employed with an adaptive gate bias control of the peaking amplifier using a power tracking circuit and additional shunt capacitors in each matching circuit. A DPA was designed and implemented using Nitronex NPTB00025 GaN HEMTs and tested using a onecarrier WCDMA signal at 2.14 GHz. At a P out of 37 dBm, the GaN HEMT DPA delivered an ACLR of -43.2 dBc with a PAE of 40.1%.
